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(7) ABSTRACT

Aflat piezo-film speaker is mounted in a motorcycle helmet.
The flat-piezo film speaker is formed from a flat piezo-film
curved in one direction to form at least one curved portion.
A-radius R of curvature at the curved portion is larger than
at least 200 mm, preferably, in a range of 210 mm=R =360
mm. The piezo-film speaker built into a helmet for a
motorcycle rider is capable of reproducing sound at a sound
pressure sufficiently audible even when running the motor-
cycle and at a high tone quality.

8 Claims, 4 Drawing Sheets
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PIEZO-FILM SPEAKER AND SPEAKER
BUILT-IN HELMET USING THE SAME

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a piezo-film speaker and
a helmet using the piezo-film speaker, and particularly to a
piezo-film speaker capable of efficiently reproducing sound
at a high tone quality within a motorcycle helmet requiring
a built-in speaker and using the piezo-film speaker.

2. Background Art

Magnet (or voice coil) speakers of a type including a
voice coil provided on a truncated cone have been widely
used as speakers built into helmets, such as motorcycle
helmets. However, magnet speakers according to the back-
ground art have limitations in both their failure to permit
adequate miniaturization and lightweightness.

One solution is the adoption of a piezo-film speaker
within a space of a helmet for improving a rider’s comfort
when the helmet is put on and worn by the rider. This type
of speaker has been disclosed, for example, in Japanese
Patent Laid-open No. Sho 63-175106 and the microfilm of
Japanese Utility Model Laid-open No. Sho 63-44584.

The above piezo-film speaker, however, suffers from a
major shortcoming. Specifically, a flat-plate like piezoelec-
tric material is used as a diaphragm with the above-
mentioned piezo-film speaker and as a result, the output
(sound pressure) is generally low.

Similarly, Japanese Patent Laid-open No. Hei 7-327298
has disclosed a curved piezo-film speaker characterized in
that a higher output efficiency is obtained as a radius of
curvature at the curved portion of the speaker becomes
smaller.

However, the above-described prior art piezo-film
speaker has disclosed only a general technique for increas-
ing the output of the piezo-film speaker, and have ignored
tone quality with respect to said speakers. Tone quality is
particularly important when the piezo-film speaker is used as
a sound speaker and a sound pressure most suitable when it
is used for a helmet for a motorcycle rider.

For example, as described in the above document, Japa-
nese Patent Laid-open No. Hei 7-327298, the output of the
piezo-film speaker becomes higher as the radius of curvature
becomes smaller; however, since the peak of the output
characteristic is shifted on a higher frequency side from an
audio frequency band, a high tone quality cannot be
obtained, particularly, when used for voice or audio repro-
duction.

SUMMARY OF THE INVENTION

The present invention overcomes the shortcomings asso-
ciated with the prior art and achieves other advantages not
realized by the prior art.

An object of the present invention is to solve the above-
described problems of the prior art piezo-film speakers and
to provide a piezo-film speaker built into a helmet for a
motorcycle rider, which is capable of reproducing sound at
a sound pressure sufficiently audible, even when running/
operating the motorcycle.

A further object of the present invention is to provide
voice/sound reproduction at a sound pressure having a high
tone quality and adequate volume.

To achieve the above object, the present invention pro-
vides a piezo-film speaker in which a flat piezo-film is

2

curvedly supported, characterized in that the piezo-film
speaker utilizes the following unique features in a variety of
desirable arrangements:
(1) Aradius R of curvature at the curved portion is set in
5 a range of R=2200 mm.
(2) Aradius R of curvature at the curved portion is set in
a range of 210 mm=R=360 mm.

(3) An area S of a principal surface of the piezo-film is in
a range of SZ40 cm”.

(4) An area S of a principal surface of the piezo-film is in
a range of 40 cm*=S=100 cm”.

According to the above feature (1), the frequency char-
acteristic of a sound pressure in an audio frequency band can
be flattened, and voice reproduction can be accomplished at
a high tone quality.

According to the feature (2), the frequency characteristic
of a sound pressure in an audio frequency band can be
flattened, but the sound pressure level is also made relatively
high, with the result that voice reproduction can be accom-
plished at a high tone quality and sufficient volume.

According to the feature (3), the frequency characteristic
of a sound pressure in an audio frequency band can be
flattened, but the sound pressure level is also made relatively
high with the result that voice reproduction can be accom-
plished at a high tone quality and sufficient volume.

According to the feature (4), it is possible to accomplish
voice reproduction at a high tone quality and sufficient
volume while maintaining simplicity with respect to mount-
ing requirements for the piezo-film speaker in a motorcycle
helmet.

These and other objects are accomplished by a piezo-film
speaker comprising a flat piezo-film curvedly supported to
form at least one curved portion, said flat piezo-film having
at least a radius (R) of curvature at each curved portion is in
a range of R2200 mm or an area (S) of a principal surface
of said piezo-film is in a range of $Z40 cm.

These and other objects are accomplished by a motorcycle
helmet including a hard, thin helmet shell, said helmet
comprising a piezo-film speaker built into said helmet,
wherein said piezo-film speaker includes a flat piezo-film
curvedly supported to form at least one curved portion, said
flat piezo-film having at least a radius (R) of curvature at
each curved portion is in a range of R=2200 mm or an area
(S) of a principal surface of said piezo-film is in a range of
S$Z=40 cm?.

Further scope of applicability of the present invention will
become apparent from the detailed description given here-
inafter. However, it should be understood that the detailed
description and specific examples, while indicating pre-
ferred embodiments of the invention, are given by way of
illustration only, since various changes and modifications
within the spirit and scope of the invention will become
apparent to those skilled in the art from this detailed descrip-
tion.

55
BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will become more fully understood
from the detailed description given hereinbelow and the
accompanying drawings which are given by way of illus-
tration only, and thus are not limitative of the present
invention, and wherein:
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FIG. 1 is a sectional view of a helmet in which a
piezo-film speaker of the present invention is built-in;

FIG. 2 is a side view of the helmet shown in FIG. 1;

FIG. 3 is a graphical view showing frequency-sound
pressure characteristics of the piezo-film speaker curvedly
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supported in a helmet, with a radius of curvature at a curved
portion taken as a parameter;

FIG. 4 is a perspective view showing a supported shape
of the piezo-film speaker; and

FIG. 5 is a graphical view showing frequency-sound
pressure characteristics of the piezo-film speaker supported
in a helmet while being curved in a specific curved shape,
with an area of a principal plane of the piezo-film speaker
taken as a parameter.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Hereinafter, the present invention will be described in
detail with reference to the accompanying drawings. FIG. 1
is a sectional view of a helmet in which a piezo-film speaker
of the present invention is built-in. FIG. 2 is a side view of
the helmet shown in FIG. 1.

A helmet 1 includes a hard, thin helmet shell 11 made
typically from a fiber-reinforced plastic material. The shell
11 includes a liner (head liner) 121A made from expanded
polystyrene in a preferred embodiment, which is fixed on the
inner surface of the helmet shell 11, and a head inner 12A
removably and dividedly mounted in such a manner as to
cover the head liner 121 A by means of a tape (“Magic Tape”,
trade name) or the like. Ear inners 12B and a chin inner 12C
are also removably and dividedly mounted, together with
liners 121, inside the helmet shell 11. A chin strap 13 is
further provided and fixed to the helmet shell 11.

As shown in FIG. 2, the ear inner 12B and its liner are
formed into an approximately U-shaped or ring-shaped
structure with a space formed at a location matching the
periphery of a rider’s ear. This arrangement is intended to
provide a structure that will not press against the rider’s ear,
but will still protect both the periphery of the rider’s ear and
a driver’s temple when the helmet 1 is put on the driver’s
head. The head liner 121A and the ear inner 12A are each
formed into shapes that will not interfere with the driver’s
ears.

Right and left speakers 10 (10R and 10L) used for the
helmet 1 are removably mounted on the inner surfaces of
portions of the helmet shell 11. The speakers 10 are exposed
to spaces 14 formed between respective liners in order to
avoid the contact of the liners with the rider’s ears and
secured by means of a fixing member such as a tape (“Magic
Tape”).

According to one embodiment, each speaker 10 is not
fixed to an elastic interior material liable to be significantly
deteriorated over time, such as the liner 121 (or inner).
Instead, each speaker 10 is fixed on the harder surface of the
helmet 1 which is less likely to deteriorate over time.
Accordingly, the speaker 10 can be rigidly fixed to the
helmet 1 while being stably kept in a desired position for
maximum operational effectiveness.

FIG. 3 is a graphical view showing a relationship between
frequency (Hz) and sound pressure (dB) of the above-
mentioned piezo-film speakers. In particular, a radius (R) of
curvature at a curved portion of the piezo-film speaker 101
which is curved in one direction as shown in FIG. 4 is taken
as a parameter. In addition, a sine wave of 5 Vrms is applied
to the piezo-film speaker 101 from an oscillator 42, and a
microphone 41 is separated from the piezo-film speaker 101
by a distance of 1 m.

FIG. 4 is a perspective view showing a supported shape
of the piezo-film speaker.

However, FIG. 4 is not meant to suggest that the piezo-
film speaker 101 is curved into an perfect circular arc.
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Instead, the radius (R) of curvature represents a substantial
radius of curvature at each curved portion. The piezo-film
speaker 101 has a film thickness “t” of 110 gm, an area S of
50 ecm?, and a rectangular shape of 100 mmx50 mm.

In FIG. 3, since the majority of information necessary for
a rider using the helmet 1 is normally audio information,
attention should be focused on a main audio frequency band
ranging from 700 Hz to 2 KHz. The experimental results
produced by the present inventors, as shown in FIG. 3, are
as follows. Namely, in the case of a piezo-film speaker
having a radius R of curvature which is in a range of 360 mm
or more, or in a range of 200 mm or less (shown by broken
lines), the sound pressure produced is lower than the sound
pressure of a piezo-film speaker having the radius R of
curvature which is in a range of 200 mm=R=360 mm
(shown by solid lines). Furthermore, the present inventors
have discovered that the frequency characteristics of the
sound pressure in the audio frequency band is not flattened
in the piezo-film speakers having a radius R of curvature
within the desired range.

In addition, in the case of the piezo-film speaker having
the radius R of curvature in the range of 200 mm or less the
frequency characteristic of the sound pressure in the audio
frequency band is not flattened. However, the sound pressure
becomes lower as the frequency becomes lower, so that a
high frequency portion of a voice signal is emphasized to
deteriorate the tone quality. Further, in a low frequency side
(near 700 Hz) of the audio frequency band, the sound
pressure is lower than that in the other frequency side of the
audio frequency band, so that the efficiency of output to
input is reduced.

In summary, when the radius R of curvature of the
piezo-film speaker curvedly-supported is in the range of 200
mm or less, both the tone quality and sound pressure of the
piezo-film speaker are insufficient and undesirable.
Accordingly, the radius R of curvature of the piezo-film
speaker curvedly supported is required to be larger than at
least 200 mm.

On the other hand, if the radius R of curvature is 360 mm
or more, the balance in sound pressure in the audio fre-
quency band is preferable. However, since the sound pres-
sure is relatively low (value lower khan 60 dB estimated to
be measured when the same sine wave is supplied to a
magnet speaker), except for the case of the piezo-film
speaker being used in an environment where voice is audible
at a small sound pressure, problems occur in picking up the
sound from the speaker effectively. Accordingly, in consid-
eration of a speaker for a helmet put on a motorcycle rider,
the upper range of the radius R of curvature is preferably
limited to a range less than 360 mm.

In this way, when the radius R of curvature of the
piezo-film speaker curvedly supported is outside of the
desired range of 210=R=360 mm, a sufficient sound vol-
ume cannot be obtained in the entire audio frequency band,
particularly when the radius R of curvature of the piezo-film
speaker curvedly supported is 200 mm or less. Furthermore,
when the radius R of curvature of the piezo-film speaker
curvedly supported is 200 mm or less, the frequency char-
acteristic of the sound pressure in the audio frequency band
is not flattened and the sound quality becomes different from
the original one.

Accordingly, the radius R of curvature of the piezo-film
speaker curvedly supported may be desirable to be larger
than at least 200 mm, and more desirable to be limited to a
range of 210 mm=R =360 mm in order to reproduce voice
at a high tone quality and a sufficient sound volume.
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FIG. 5 is a graphical view showing frequency-sound
pressure characteristics of the piezo-film speaker supported
in a helmet while being curved in a specific curved shape,
with an area of a principal plane of the piezo-film speaker
taken as a parameter. The graph shows a relationship
between frequency (Hz) and sound pressure (dB) of the
piezo-film speaker, with an area S of the piezo-film speaker
taken as a parameter. The piezo-film speaker is formed into
a square shape having a thickness of 28 um, and a radius of
curvature at a curved portion of the piezo-film speaker is 500
mm.

In FIG. 5, data obtained with the area set at 50 cm? or
more is shown by a solid line, and data obtained with the
area set at 40 cm? or less is shown by a broken line. As is
apparent from the experimental results produced by the
present inventors and shown in FIG. 5, in the case of the
piezo-film speaker having the area S in the range of 40 cm?®
or less, since the frequency characteristic of the sound
pressure in the audio frequency band is not flattened, and
more specifically, the sound pressure is reduced as the
frequency becomes lower, a high frequency portion of voice
is emphasized and subsequently deteriorates the tone qual-
ity. Furthermore, since the sound pressure level is relatively
low, the efficiency of output to input becomes low.

On the other hand, in the case of the piezo-film speaker
having an area S in the range of more than 40 cm?,
particularly, 50 cm? or more, the frequency characteristic of
the sound pressure is desirably flattened and a sufficient
sound pressure is obtained.

Since the area of a speaker capable of being built in a
helmet is about 100 cm? or less, the area of the piezo-film
speaker for a helmet may be more than 40 cm?, (preferably,
50 cm? or more) and 100 cm” or less, that is, the area S may
be limited to a range of 40 cm*=S=100 cm?, or preferably
50 cm®=S=100 cm®. By use of the piezo-film speaker
having the area in the above desired range, it is possible to
realize voice reproduction at a high tone quality and a
sufficient volume while maintaining simplicity of the mount-
ing requirements of the piezo-film speaker in a helmet.

In order to visually check/validate the fee reception at an
ETC (automatic fee reception system) or visually acquire
information from a navigation system, a motorcycle rider is
required to move his line of sight downwardly. According to
the present invention, however, since a speaker with suffi-
cient characteristics can be built in a helmet without increas-
ing the weight of the helmet or sacrificing the driver’s
comfort when the helmet is put on the driver’s head, the
above-described various kinds of information can be audibly
acquired.

In summary, the present invention exhibits the following
effects and advantages over the prior art. Since a radius R of
curvature of the piezo-film speaker curvedly supported in a
helmet is set in a range of R=200 mm, the frequency
characteristic of a sound pressure in a frequency band of
voice can be flattened, and voice can be reproduced at a high
tone quality.

Since the radius R of curvature of the piezo-film speaker
curvedly supported in a helmet is further limited and is set
in a range of 210 mm=R =360 mm, the frequency charac-
teristic of a voice signal in a frequency band can be flattened,
but the sound pressure level can be made relatively high,
with the highly desirable result that voice/audio reproduc-
tion is at a high tone quality and with sufficient volume.

Since an area S of a principal surface of the piezo-film is
set in a range of S=40 cm?, the frequency characteristic of
a sound pressure in a frequency band of voice can be
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flattened, but the sound pressure level is also made relatively
high. This arrangement also produces the highly desirable
result that voice/audio reproduction can be accomplished at
a high tone quality and with sufficient volume.

Since the area S of a principal surface of the piezo-film is
further limited and is set in a range of 40 cm*<S =100 cm?,
it is possible to accomplish voice reproduction at a high tone
quality and with sufficient volume, while maintaining sim-
plicity in the mounting requirements of a piezo-film speaker
in a helmet.

Since a thin piezo-film speaker according to the present
invention can be used, in place of a voice coil speaker as
traditionally utilized in the background art as a speaker for
a helmet, it is possible to accomplish voice reproduction at
a high tone quality and with sufficient volume, without
substantially increasing the total weight of the helmet and
sacrificing a driver’s comfort.

The invention being thus described, it will be obvious that
the same may be varied in many ways. Such variations are
not to be regarded as a departure from the spirit and scope
of the invention, and all such modifications as would be
obvious to one skilled in the art are intended to be included
within the scope of the following claims.

What is claimed is:

1. A motorcycle helmet including a hard, thin helmet
shell, said helmet comprising:

a head liner fixed on an inner surface of said helmet shell;

a head inner removably and dividedly mounted so as to
cover the head liner;

ear inners and a chin inner removably and dividedly
mounted with respective liners on the inner surface of
said helmet shell; and

a plurality of piezo-film speakers mounted directly to the
inner surface of said helmet shell, wherein each of said
piezo-film speakers includes a piezo-film curvedly sup-
ported to form at least one curved portion, said piezo-
film having at least a radius (R) of curvature at each
curved portion in a range of R=200 mm or an area (S)
of a principal surface of said piezo-film is in a range of
S=40 cm?.

2. The motorcycle helmet according to claim 1, wherein
said piezo-film has a radius (R) of curvature at each curved
portion in a range of 210 mm=R =360 mm and an area S of
a principal surface of said piezo-film in a range of 40
cm?=S=100 cm?.

3. The motorcycle helmet according to claim 1, wherein
said piezo-film has a radius (R) of curvature at each curved
portion in a range of 210 mm=R=360 mm.

4. The motorcycle helmet according to claim 1, wherein
said piezo-film has an area S of a principal surface of said
piezo-film in a range of 40 cm*<S=100 cm”.

5. The motorcycle helmet according to claim 2, wherein
said piezo-film speaker has a film thickness (t) of 110 pum.

6. The motorcycle helmet according to claim 3, wherein
said piezo-film speaker has a film thickness (t) of 28 um.

7. The motorcycle helmet according to claim 1, wherein
said radius (R) of curvature at each curved portion is in a
range of 210=R=340 mm and an area S of a principal
surface of said piezo-film in a range of 50 cm*=S =100 cm®.

8. The motorcycle helmet according to claim 1, wherein
the radius (R) of curvature at each curved portion is in the
range of R2200 mm and the area (S) of the principal surface
of said piezo-film is in the range of SZ40 cm”.
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